eterminants of long-term left ventricular (LV) systolic function after myocardial infarction (MI) are related to several factors, including infarct size and location, 1 extension of coronary artery disease (CAD), patency of the infarct-related artery, 2 and the presence of collateral anastomoses to the infarct area. 3 Inhibition of angiotensin-converting enzyme (ACE) also improves postinfarct LV function and survival. 4 The plasma concentration of ACE is mainly genetically determined. The insertion/deletion (ID) polymorphism, located in intron 16 of the ACE gene explains 30-50% of its variance, and also influences the intramyocardial ACE expression. 5, 6 Pinto et al have shown that the deletion/deletion (DD) genotype is associated with progressive LV dilatation following a first MI. 7 The prognosis of patients with acute MI is directly related to LV size and systolic function; 8 however, right ventricular (RV) dysfunction after inferior MI is also associated with increased risk of shock, arrhythmias, and death. 9 The Doppler echocardiographic myocardial performance index (MPI), combining time intervals of LV contraction and relaxation, is a powerful predictor of death and congestive heart failure after MI. 10 Noninvasive measurements of time intervals have historically been used for evaluation of both systolic and diastolic function, but because of logistical difficulties in obtaining the intervals, these measure-
ments have not often been applied clinically. 11 The MPI is obtained by measuring the Doppler time intervals from the mitral inflow, and LV outflow velocity time intervals. This index can be obtained easily, is reproducible and independent of the ventricular geometry, and has been shown to have potential for clinical application in the assessment of overall cardiac function in various disorders. 12, 13 Because the combined time intervals in the index also may be obtained from pulsed wave Doppler recordings of the RV inflow and outflow, the manner in which the RVMPI is calculated is similar to that for LVMPI. Moller et al reported that the RVMPI increased in the acute phase of MI, was significantly correlated with indexes of RV systolic dysfunction, and was significantly increased in patients with echocardiographic signs of a RV MI. However, the RVMPI was also considerably higher in patients with no echocardiographic signs of RV MI compared with controls. This may be explained by the fact that an infarction that involves the interventricular septum affects LV function as well as that of the RV, which in theory, produces an increased MPI. 14 The RVMPI correlates with functional class and survival in patients with primary pulmonary hypertension. 14 The relation between ACE gene polymorphism and RVMPI after a first anterior MI has not been reported previously. Therefore the objectives of this study were to investigate the relation between ACE gene polymorphism and RVMPI after a first acute anterior MI.
Methods

Subjects
We studied 125 consecutive patients (100 men, 25 wom- 
DNA Analysis
DNA was isolated from peripheral leukocytes by the method described previously. 15 The ID status was determined by polymerase chain reaction 16 by a laboratory staff member who was unaware of the clinical details. The DD genotype of the ACE gene was reconfirmed by a second PCR using a Taq extender. 16 
Echocardiography
Echocardiography was performed by one examiner (O.O.) within 24 h of arrival at the coronary care unit with a Ving-Med CFM 800 ultrasonographic machine with a 2.5-and 3.25-MHz transducer. Analyses were done blinded for all clinical data. Five consecutive beats were measured and averaged for each Doppler variable. The absolute difference for the observer was 0.02±0.03 for LVMPI and 0.02±0.05 for RVMPI.
Assessment of RV Function The RV inflow was recorded with the transducer in the apical 4-chamber view, aligning the Doppler beam as perpendicular as possible to the plane of the tricuspid annulus. The sample volume was placed at the tips of the tricuspid leaflets during diastole. The RV outflow velocity curve was recorded from the parasternal short-axis view, with the Doppler sample volume positioned just below the pulmonary valve. 14 Time intervals for calculating the Doppler index were measured from tricuspid inflow and RV outflow recordings (Fig 1) .
Assessment of LV Function
Mitral inflow was recorded with the transducer in the apical 4-chamber view. The pulsed wave Doppler beam was aligned as perpendicular as possible to the plane of the mitral annulus. The Doppler sample volume was placed between the tips of mitral leaflets during diastole. The LV outflow velocity curve was recorded from the apical long-axis view with the Doppler sample volume positioned just below the aortic valve.
Statistical Analysis
Based on the results of ACE polymorphism analysis, the patients were classified into 3 groups: group 1, DD genotype; group 2, ID genotype; group 3, II genotype. The various parameters mentioned earlier were compared among these 3 groups. Data were analyzed using the SPSS 11.0 for Windows (Chicago, IL, USA). One-way analysis of variance (ANOVA) and chi-square analysis were used to compare differences among subjects with different genotypes. Correlations between each parameter were examined by bivariate correlation test. Data are presented as mean ± SD. A probability value <0.05 was considered significant.
Results
ACE Polymorphism
Analysis of ACE polymorphism showed that 45 patients had the DD genotype, 58 had the ID genotype and 13 had the II genotype ( Table 2 ). The observed prevalences of the ACE genotypes agree with the frequencies predicted by the Hardy-Weinberg equilibrium.
Clinical Parameters
Age, gender, heart rate, hypertension, body mass index, hypercholesterolemia, diabetes mellitus, smoking, systolic and diastolic blood pressures, the peak CK and CK-MB concentrations showed no significant differences among the 3 groups (Table 1) .
Echocardiographic Findings
Echocardiography was performed in 116 patients at a median of 6 h (range 0-24 h) after arrival at the coronary care unit. Comparison among the 3 groups showed significantly higher values for the RVMPI and LVMPI in the ACE DD group (p<0.05). However, there were no significant differences among the groups in tricuspid E/A, tricuspid deceleration time, LV diameter diastolic and diameter systolic (Table 3,4). There was a significant correlation between RVMPI and age, peak CK-MB concentration, smoking and LVMPI. There was no correlation between the RVMPI and other clinical characteristics (Table 5) .
Discussion
In 1991, Hubert et al 17 reported that the human ACE gene is localized to the long arm of chromosome 17 and that it consists of 26 exons and 25 introns. There is an I/D polymorphism in the Alu-like arrangement at intron 16 and this polymorphism correlates with the blood ACE concentration. 4, 17 It has been reported that ACE polymorphism with the DD genotype is a risk factor for the development of MI, hypertension, cardiomyopathy, cardiac hypertrophy, and restenosis following percutaneous angioplasty. 18 However, Tseng and Tseng reported that there was not a significant association between the ACE genotype and peripheral vascular disease in Chinese type 2 diabetic patients. 19 To our knowledge, there is no other report of an association between ACE polymorphism and RVMPI. The time intervals combined in the MPI include periods of myocardial contraction and relaxation. The MPI is the same as the total ejection index (TEI), which was firstly reported by Tei et al in 1995. 20 Using simultaneous Doppler and high-fidelity LV pressure recordings, they demonstrated that the MPI correlated closely with +dP/dt, -dP/dt, and tau, 11 which indicates that the MPI is a measure of overall ventricular function. Because myocardial contractility and relaxation are energy dependent, myocardial dysfunction results in prolongation of the isovolumic times relative to ejection time. 20 Previous studies have shown that the MPI is less affected by age and by changes in heart rate and preload than are conventional Doppler measurements. Therefore the index needs no correction for blood pressure, heart rate, or age, and does not depend on geometric assumptions, which is of importance after MI because the normal ventricular geometry is often distorted. 14 Because acute deterioration of contractility and elevated filling pressures may lead to early ventricular dilation in the relatively fixed space of the pericardium, the function of one ventricle may be compromised by the dilation of the other. This diastolic ventricular interaction has been shown frequently to be present in patients with abnormal shortening of mitral E-wave deceleration time, which also is indicative of elevated LV filling pressures.
Coronary heart disease risk increases with age and with the number of cigarettes smoked. In this study, we found a significant positive correlation between RVMPI and age and smoking. 21 The peak CK-MB concentration is a useful rough quantitation of the size of the infarct and in this study, we found a significant positive correlation between RVMPI and LVMPI and CK-MB peak concentration. There is a relationship between the peak plasma concentration of CK-MB and the extent of myocardial injury.
Moller et al 14 reported that by using a median value of RVMPI (0.45), RV dysfunction was detected with a sensitivity of 91% and specificity of 65%. In addition, they reported that an abnormal index (>0.45) was found in 80% of patients with MI, whereas an abnormal ejection fraction (<0.50) was present in only 60%. 14 The index was significantly more sensitive than the ejection fraction in the prediction of LV dysfunction based on the clinical development of congestive heart failure. In our study, RVMPI >0.45 was found in 61% of those with the DD and ID genotypes compared with 30% of those with the II genotype.
Takagi et al reported that in patients with an anterior MI participating in cardiac rehabilitation, those having both an anterior infarction and baseline brain natriuretic peptide concentration >150 pg/ml are at high risk for subsequent LV remodeling, and that neither exercise intensity nor frequency of participation in cardiac rehabilitation appear to be associated with LV remodeling. 22 In addition, Abe et al reported in patients with a reperfused first anterior wall MI, persistently reduced heart rate variability is associated with postinfarction LV remodeling. 23 In previous studies, DD and ID polymorphism had a stronger influence on LV remodeling than polymorphism of the I/I genotype. 24 The renin -angiotensin system is regulated by the ACE gene and is one of the factors that controls collagen hyperplasia in cardiovascular tissues via 2 mechanisms, namely, by modulating the blood pressure and by a direct local action on the tissues. Accordingly, polymorphism of the ACE gene probably influences LV remodeling. 18 The prognostic importance of an elevated RVMPI seems to be related to other factors apart from RV myocardial necrosis. As the LV and RV share common muscle bundles, septum, and pericardium, the functional integrity of each ventricle is determined by the function of the other ventricle. Biventricular dysfunction assessed by the MPI could indicate large infarctions and possibly more pronounced elevation of filling pressures, which are known to adversely affect the prognosis. We found that the RVMPI and LVMPI were significantly higher in the DD group and this elevation of RVMPI in patients with a first acute anterior MI may be related to ventricular interaction. Causes of a higher LVMPI in patients with the DD genotype may be that the plasma concentrations of ACE in subjects with the DD and ID genotypes are higher than in those with the II genotype. 5 
Study Limitations
In this Doppler study, invasive hemodynamic measurements were not available. However, systolic and diastolic variables, including the index, have previously been correlated with simultaneous hemodynamic data. 25 Angiography with assessment of artery patency was not performed routinely. Reperfusion rates were not measured.
Conclusions
In patients with a first acute anterior MI, ACE polymorphism may influence the RVMPI and LVMPI. This finding must be tested in other studies of large and different ethnic populations.
